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This project explores ways to make WPI academic offices more sustainable. Evaluation of two offices 
includes research and employee interviews. Suggestions are added at the end of the report and 
presented to the respective offices on how they might go about improving their sustainability through 
behavior and efficient technology. 
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Introduction:  
Future generations depend on our actions which determine what kind of world they will live in, 
but if our generation uses up all the resources we have, then there will be none left for our children. In 
order to help the environment, people across the globe need to stop overusing Earth’s resources. 
Paper, Waste, Water, Heating/Cooling, and Electricity are resources that are used frequently in our 
society and which have a big impact on nature.31 The production of electricity, usage of fossil fuels in 
transportation, and energy used to heat and cool buildings are among the top reasons for carbon 
emissions.31 These energy heavy actions cause the majority of carbon emissions which lead to Global 
Warming.31 If future generations are to live in the comfort we enjoy today, serious and immediate 
actions must be made to make sure our resources are used in a sustainable way. Sustainable methods 
utilize resources in a way that they can replenish themselves, meaning, there is no overall decline of 
that resource.32  
For example, sustainable behaviors can be as simple as recycling, purchasing manufactured 
products less, or as grand as less construction and only if absolutely necessary. Recycling reuses the 
materials, instead of using much more natural resources to produce that much waste again. Seeing as 
we have so much emissions being emitted, slowing down this process by reusing resources can buy us 
sometime until we put more permanent measures in place. As the book Fostering Sustainable 
Behaviors puts it, “This behavioral wedge…buys us time as we put in place policies that will significantly 
reduce future emissions.”24 Taking this a step further, one could reduce the amount of items they buy 
and thereby reducing the amount of waste they contribute. Reducing, reusing, and recycling help 
improve sustainable behaviors, which are important for reducing the impact we have on our 
environment.24 
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The impacts on the environment are fueled by wasteful habits often seen in office settings, 
especially in terms of printing, electricity, and other constantly used resources. All these resources in 
this setting are used so frequently in office environments that it may seem difficult to run the 
operations without them. However, there are ways in which switching habits, resource materials, and 
storage methods would significantly increase efficiency and decrease the impact on the environment. 
Some ways to increase efficiency are double sided printing, recycled paper, turning off computers, 
purchasing the most efficient machinery, saving energy whenever possible, etc. But with businesses 
too busy to focus on environmental changes, how are these offices to know what to change, how 
much, what the benefits are, and what to change first? That is what this project is meant to cover.  
This MQP will collect and evaluate data for two specific offices, Chemical Engineering and SSPS, 
at WPI, in terms of each office’s environmental sustainability. These departments volunteered to help 
with this MQP, and were chosen thusly. It seemed to me that most of the research done with office 
sustainability was about businesses and management, but not necessarily in the academic field. I 
thought this would be not only more convenient for me on campus, but a little different from other 
research.  
Included in this evaluation are behavior modifications for use of electricity, water, and paper, as 
well as suggestions for technology upgrades to improve efficient use of electricity and heating. These 
actions will help to reduce the carbon footprint and make the office a greener, more sustainable 
workplace. These green office sustainability practices will be evaluated by examining a list of initial 
practices, and then, recommending specific changes that can be made to improve their sustainability. 
Among these practices are double sided printing, water jugs, led screens and lights, reusable mugs for 
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office use, and electronic interdepartmental memos. This project will begin to quantify the importance 
of each suggested improvement which impacts the big picture. Suggestions for further improvement 
will be solicited from office personnel and prioritized. The environmental sustainability analysis will be 
presented to each department for their consideration in modification of current and implementation 
of future office practices. These suggestions are based on the research done for sustainable practices 
and behaviors and their importance. 
The goals of this project are to evaluate behaviors of individuals, calculate environmental and 
financial impacts, and suggest more sustainable actions for these academic departments. This will 
require interviews of participants from both departments, research on the machinery they currently 
use, and calculations on the environmental impacts. These findings will be summarized for the reader 
and a prioritized list will be provided for both departments showing the advantages and disadvantages 
for each suggested actions.  
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Background  
Offices, especially in schools, use many resources to run their establishments. This gives them 
an advantage to help the environment just by changing their habits of resource use. Most sources give 
helpful tips in similar categories on how to make an office more sustainable, including recycling, double 
printing, smarter purchases, and being aware of energy use. In this section, I will explain the relevant 
aspects of office work that impact the environment, including printing and paper usage, waste, heating 
and cooling, water usage, and electricity. These are most relevant not only because they have the most 
impact on the environment, but because they are so frequent in academic office buildings. 
Paper 
Many companies and institutions depend on paper for keeping records, printing papers and 
signing important documents. The logging companies make large profits off clear cutting and selling 
the trees to paper factories. The paper goes to offices all over the globe for filing and documentation of 
every kind. This paper then either sits in filing cabinets, taking up space in the office, or gets thrown 
away or recycled. The paper that is thrown away goes to the landfill eventually, where it sits, leeching 
toxins from the ink used into the soil and into the water. This can be prevented by recycling, and using 
computers for most of the filing. Of the two choices, using the computer is the more environmentally 
friendly choice because it saves trees and storing space. Not only would this save paper, it would also 
make it easier to find the documents later, and the cost would be significantly less. For example, it 
takes 1.814kg/pack or 110 sheets of printing paper.23 
Paper is so common place in our society that we sometimes forget what unsustainable methods 
make it. Large logging operations in rainforests can lead to severe and irreversible deforestation. 
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Logging companies will clear cut sections of forest largely for profit. Quite often these companies 
either do not care, or are not aware about the consequences these actions will have down the road. 
According to National Geographic, if these companies continue to cut away rainforests at their current 
rate, we will not have rainforests anymore in a hundred years.4 Imagine large deserts where the 
rainforests are now. This loss of forested areas impacts the wildlife of which 70% of species depend on 
wooded areas.4 These changes can disrupt ecosystems, causing species to go extinct. Forests also have 
an impact on global warming by sequestering large quantities of carbon dioxide. Without these carbon 
sinks, what kind of world are we leaving for our grandchildren? And why are we not changing it? Here 
are some tips on how we can reduce reuse and recycle paper and save these forests. 
On the site from Super Green’s Top Ten Tips for a more sustainable office environment, they 
suggest using computers exclusively, buying recycled paper, and reusing the shipping boxes for 
storage.14 Computers, they state, should take place of paper memos, files, and mail to save on paper.14 
Digital information is easier to keep track of and quicker to send, so using computers for these 
functions saves time and money and reduces paper and resource consumption. When paper is 
necessary, as in a signed document or something that must be printed, Super Green suggests buying 
recycled paper.14 This smarter purchase utilizes a paper that is made with 55% less water and 60-70% 
less energy than regular paper.14 Since it is made using recycled resources, less harm is done to the 
environment overall. In an attempt to reuse paper more before recycling it, they suggest using 
misprints or reusable paper for notepads; this gives the paper another use before it finds its way to the 
recycle bin.14 Even the shipping boxes the recycled paper came in can be used for filing, office supplies, 
or general storage in the work place.14 These small habitual changes will help the environment and the 
company budget.  
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Other resource usage 
Although paper is an obvious culprit filling up trash bins, there are other items that harm the 
environment by filling up landfills. According to the EPA, in 2007 the U.S. alone threw out 254 million 
tons of trash.16 This comes out to about 5 pounds per person per day.16 With trash increasing in 
millions of trash per year16, how can we reduce our harm to the environment? 
On the Winthrop University website for Sustainable Office Practices, they suggest rechargeable 
batteries, using reusable mugs and utensils instead of disposable ones, not using screensavers, and 
replacing bulbs with energy efficient ones.15 Using rechargeable batteries helps save resources and 
putting toxins and pollutants into waste dump soil. Disposable utensils also add to polluting dumps and 
waste resources. Using reusable mugs and silverware saves money, resources, and pollutes less.  
According to my research not only is it important to recycle, utilize resources efficiently, and 
other immediate actions, it is also important to use sustainable methods which are easily built on or 
replaced to help prevent the need for more upgrades in the future. Acquiring such equipment and 
materials also helps reduce the need for large and costly renovations down the road. Of course, this is 
easier said than done. For one, technologies are always changing, so what is currently the best for the 
environment now may not be later on. On that note, offices should consider moving from fossil fuels to 
renewable sources of energy. This is putting the future into consideration since the fossil fuels will 
eventually run out. If the building is already in position to take alternative energy, then many major 
renovations may be avoided.  
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Heating and cooling 
Heating and cooling are important factors in keeping the working environment comfortable for 
the workers and the equipment, but we should try and keep nature in perspective as well. Heating uses 
the most energy in households, about 50%, whereas air conditioning is 4%.16 In the US, most of the 
power comes from coal power plants, which produces 1,500kg of CO2 for a year of household air 
conditioning.17  So how much CO2 is produced for a campus like WPI? We can use the equation13 
       
     
 
      
       
 
     
              
 to estimate the mass of CO2 produced each year.  
Let’s estimate that per month the campus uses 100,000 gallons. The heating season goes between 
October and May, about 8 months. So multiplied, it comes out to about 2306000 kg of CO2 per year. 
That is 2306 metric tons per year! Clearly there is environmental impact of these coal plants producing 
electricity that we use to heat and cool our homes, but what about natural gas and oil? 
Another effect of heating is heating up the atmosphere, especially in cities. According to the 
EPA, “The annual mean air temperature of a city with 1 million people or more can be 1.8–5.4°F (1–
3°C) warmer than its surroundings.” This can lead to “increase summertime peak energy demand, air 
conditioning costs, air pollution and greenhouse gas emissions, heat-related illness and mortality.”16 
 
Water 
Water is one of Earth’s most precious resources. It is the most important resource that living 
things require to survive, and yet potable water accounts for less than 1% of all the water on Earth. 
This water is becoming scarcer as intake pipes are using more of this resource for population growth, 
recreational purposes, and maintenance. According to the EPA, during the years between 1950 to 2000 
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the population in the U.S. doubled and the water usage tripled!16 They also estimate that Americans 
individually use 100 gallons of water per day, and 30% of all the water consumption in the U.S. is used 
for use outdoors, usually landscaping.16  
I talked to someone in my travels to Texas, where drought is frequent, about suburban lawn 
care enforcement. Their neighborhood is required to water their lawns in order to keep the whole 
street aesthetically pleasing. I was shocked to hear that in such a place of drought, where water is not 
served in restaurants unless asked for, people could waste precious water on their lawns for looks, 
when there are so many more important things in the world to be lending these resources to. People 
are dying in the world from dehydration, and American’s continue to waste water on their reputation. 
However, these resources are so convenient to us here in the states that we often do not need to think 
about the consequences.  
One convenient way that we acquire water is through bottled water. Having a travel ready 
container of water in seconds is extremely convenient and often taken for granted, but bottled water is 
not as healthy for the environment or for people as others might believe. In a WWF report in 2001 
(World Wide Fund for Nature), it was estimated that “roughly 1.5 million tons of plastic are expended 
in the bottling of 89 billion liters of water each year.”12 For each plastic bottle, 3 times the volume of 
water is required to produce it, and one quarter of the bottle full of oil is needed to produce and ship 
it.18 This has a tremendous impact on the environment. Not only is 3 times the amount of water going 
into making the water bottles, but the fossil fuels are being used up at a faster rate. In 2007, the 
amount of fossil fuels used to make and deliver the water bottles was the “energy equivalent of 32 and 
54 million barrels of oil … enough to fuel about 1.5 million cars for a year.”19 This amount of wasted 
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resources just for the convenience of ready-made bottled water is unbelievable when people in the US 
can get tap water for thousands of times cheaper, especially when the bottled water is often not safer 
than tap or is tap water sold at high prices for profit. 9 The water that comes out of the tap in our 
homes is actually more frequently monitored and safer to drink.9 In fact, tap water is regulated by 
multiple levels of environmental agencies, and the results are posted for the public to read.20 As an 
example, in 2008 ten different types of bottled water were tested for contaminants: 38 were found.20 
Another important safety factor for water bottles is the plastic with which they are made. The 
plastic that bottled water is made of contains phthalate, used to make the bottles more flexible.21 A 
report by the EPA in 2005 gave a summary of the effects of phthalates which included disrupting the 
endocrine system, skin and bone deformities, and still-born babies.33 The phthalates that cause these 
disturbing occurrences leach into the bottled water over time, and especially in older water bottles, so 
reusing the bottles with tap water is not necessarily healthy.12 The healthiest option, it seems, is 
drinking tap water which is monitored through EPA regulations.10  
Electricity 
Electricity runs the world in this day and age. Everyone has a chargeable device and uses the 
energy to run their homes, their appliances, and their entertainment. But what people tend to forget is 
where the electricity is made. Most of the U.S. produces their electricity in coal power plants.17 These 
plants produce tons of carbon dioxide, which, as we are finding out now, leads to global warming.17 
There are regions of the U.S. that use hydropower, making the overall CO2 emissions less. Regions such 
as the Northwest have hydropower, whereas the Midwest is mostly powered by coal.13 This means 
that areas such as the mid U.S. produce more carbon per kW than areas like the Northwest.13 With our 
lives running on electric machinery, our carbon footprints tend to be very high. Carbon footprints are 
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the term describing how much carbon someone, or something, emits and imprints on the Earth. So 
how can we reduce our carbon footprints if we use electricity so frequently? Here are a few examples. 
A great deal of waste is caused by behaviors in terms of using electricity. For instance, leaving 
the lights on, leaving fans on overnight, using the elevator, and leaving computers on are behaviors 
that waste energy. Energy is also wasted when computers are in sleep mode. Computers use 1-2% of 
their normal power usage when in sleep mode.21  
This may not seem like a significant amount, but if we multiply it by 5 nights by 4 weeks per 
month, by 12 months, this could come to a significant amount. If you add up all the computers on a 
campus, this could become a large and unnecessary annual cost. For each computer that uses 255W, 
5.1W are used while in sleep mode. If the computer is left in sleep mode every night, for a year, that is 
5.1*16*5*4*12, it comes out to about 27kW/year for one computer. Multiply that by 1600 computers 
on campus, and you get nearly 44,000 kW/year. Using the equation from before, this means 35094528 
kg of CO2 are emitted into the atmosphere each year just from WPI’s computers.13 For the most part, 
these computers seem to have good Energy Star and EPEAT ratings. 
Energy Star and the EPEAT® Gold systems are labels awarded to electrical devices or equipment 
that meet a list of requirements that are considered environmentally friendly. 23 In order to pass the 
EPEAT® gold standard, the computer products have to pass 23 requirements, plus over an additional 21 
optional ones.22  For Silver, all 23 requirements and 14 optional ones; Bronze awards only 
accommodate the required 23 criteria.22 These labels are meant to help consumers choose more 
efficient computers with higher standards. One of the criteria for the EPEAT® labels is the product must 
meet Energy Star standards.22 This means that Energy Star 4.0 products function at 80% efficiency or 
13 
 
higher.22 Even with all this efficiency, WPI still makes a large carbon footprint because of the way the 
computers are used. If the footprint is to be reduced, then actions should be taken to improve 
sustainable behavioral habits.  
Behavior Change Methods 
 Everyone has habits that they fall into, whether it is a routine at home, or a bad habit that is 
hard to quit. Changing behaviors that are more sustainable can be difficult at first, but there are ways 
to help remind ourselves and encourage others to make those changes also. Outlined in Fostering 
Sustainable Behavior, the author lays out a step by step analysis of what leads to behavior change and 
how to elicit these changes in almost every situation.24  
 The basis of it stems from the idea that in order to change human behaviors, the barriers 
preventing the change must be identified and the solution must address all of them. Two main ways to 
achieve this are through Attitude-behavior and Economic self-interest. Attitude-behavior approaches 
the behavior change by educating the people about the consequences of their actions, whereas the 
economic self-interest uses financial incentives to change the behaviors. According to the book, the 
latter is more effective, but still does not account for the day to day barriers that get in the way of 
changing the behavior. The book lays out a detailed step by step process with which changing 
behaviors to be more sustainable is most likely. These steps are as follows: “Selecting behaviors, 
identifying barriers and benefits, developing strategies, piloting, and broad-scale implementation and 
evaluation”.24  
 “Selecting behaviors” is the step where a specific behavior is chosen to be changed which is not 
too dramatic a change. This behavior is then analyzed to list the “barriers and benefits”. “Developing 
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Strategies” and “piloting” refer to the process in which ideas to change the behavior by navigating 
around the barriers and with the benefits are implemented in pilot tests in small communities or 
groups to see if the process is feasible. Once a working pilot is finalized, it goes to “broad-scale 
implementation” where large numbers of people are given this method and have a good chance of 
changing their behavior.24 
 An example behavior that is unsustainable is buying cups of coffee in Styrofoam cups every 
morning. This behavior causes much harm to the environment between the material’s breakdown rate 
and the carbon emissions produced from the cups manufacturing process. A fairly simple way to 
prevent such waste and harm is to get a reusable mug. However there are several barriers with this 
behavioral change. The habit of getting the cup at the counter is so convenient that we forget to bring 
the cup with us. There is also the fact that the mug will have to be cleaned later. The change to bring 
reusable mugs is difficult because the convenience and habits are already in place, but there are 
several ways to help change the behavior.  
 One method could be a prompt, or a visual signal that reminds the person to change the 
behavior.24 This prompt needs to be near the place where the remembering/implementing occurs.25 
For the coffee mug, maybe a note near the car keys, or wallet before going out the door would help 
one remind themselves to grab a mug before heading out. However, this is a private reminder and is 
not a public statement. It is easier to go back on one’s word if the person is not trying to prove 
anything. For instance, if a person tells themselves they will go to the gym each day, they have less of a 
chance of meeting that goal than if they verbally promise a friend they will go to the gym together. This 
is because the person made a public announcement, and therefore feels an obligation to uphold that 
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promise or risk hurting their reliable reputation.24 This public statement or promise holds more value 
because of the human nature for “consistency”.24 Some examples where this could be implemented in 
an office setting would be making a contest, promise as a department, or signed document in which 
each person agrees to change their behavior to improve sustainability.  One specific example could be 
a contest or challenge in the department to purchase the least coffee cups from the store, and use 
their reusable mugs instead. However, for this example, it seems more appropriate if an incentive was 
added to help gain interest in the contest. Say everyone put in a dollar per month to enter the 
challenge, and at the end of the month, the winner won the pot. That would be a small price to pay 
initially, and at the end of the month they could have as much as $20 extra to spend as a reward for 
showing excellent sustainable behavior.  
Priorities 
 So now that I have laid out some of the ways to change behaviors in a sustainable direction, 
which behaviors should be changed first? There are some behaviors that have more of an impact than 
others, and these are the behaviors that should be given priority as first behavior changes. The most 
harmful to the environment that workers do every day is transportation.36 The rest of the list continues 
as follows: “Meat and poultry, Fruits, vegetables and grains, Home heating, hot water and air 
conditioning, Household appliances and lighting, Home construction, Household water and sewage.”36 
True, these figures are for consumers and not necessarily for offices, but the principles are still similar. 
For example, bringing lunch to the office instead of driving out to eat saves gas and carbon emissions, 
making it possible to make similar changes at work as well as home.  
 Another way to prioritize changes, which is probably easier to do in an office setting, is 
determining which appliances use up the most energy and limiting their use as much as possible. The 
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top four most energy consuming appliances you would find in an office are, in order, refrigerator, 
lighting, microwave and computers.36 If the use of these appliances can be limited at work, then the 
more sustainable the office can be.  
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Methodology 
In this project I took several of the impacts that an office has on the environment and observed 
and surveyed the office personnel to find out how much impact the office made on both the 
environment and for the office financially. The project stemmed from interviews of the workers 
because not only would this give me an idea of their habits and what they could improve on, getting 
local knowledge from the employees directly gave me the opportunity to hear their ideas for solutions. 
These interviews were conducted in more of a qualitative manner as opposed to a quantitative 
manner. Qualitative gives a general feel of the answer rather than a number or amount.34 The 
questionnaire later on was designed to get a general feeling of how much effort the staff and faculty 
were putting into sustainable actions. Given a table provided by the book Qualitative Interviewing: The 
Art of Hearing Data, I would describe my interviews as a cross between moderately focused questions 
and “Focused Mainly on Events and Processes”. According to the table, this classifies my questionnaire 
as “Action Research, Evaluation Research”, which is absolutely correct.35 The answers were only to 
determine the collective actions of the office workers and evaluate the resulting consequences; to 
determine which behaviors most needed to be changed to improve sustainability in the office. 
The interviews therefore focused on the aspects described in the background section due to 
the frequency and environmental impact of these actions in an office setting. That way the evaluations 
would show which change should be priority and, once changed, they would immediately start making 
a difference in impact. The impacts I decided to focus on were heating and cooling, recycling and 
resource use, and electricity use.  
Heating and cooling energy is one of the most wasteful of electricity uses in schools, according 
to the EPA. Finding out how much energy is used to heat and cool the office was one of my top 
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priorities. Another activity with high negative impact on the environment is transportation. However, I 
decided not to make this a priority in this project because I wanted to focus just on the aspects inside 
the office. What could be done right there at the site to reduce the impact. It seemed more likely that 
changes would be made to things in the office than transportation to and from the office. As for the 
heating, I will have to determine both from surveying the workers, but also doing some digging into 
billing records. This will probably answer some questions like what kind of heating is being used and 
how much, and the same for cooling.  
Next, I wanted to focus on the resources used and discarded in the office. Offices have a lot of 
paper, mail, printouts, and other materials. For this, I looked specifically at paper use. The more an 
office recycles, uses recycled materials, purchases oxygen bleached and recycled paper, and utilizes 
digital records, the less harm it does to the environment. This part of the project will require not only 
an impression of paper use from surveying the employees but also some observation occasionally to 
determine whether their words match their actions. 
The third main focus I looked into is the electricity use of the office including lights, computers, 
and other appliances. The use of electricity is one that people take for granted, but it is one that we 
waste the most often. The coal pollution produced from the mining process, transportation, and 
burning process causes damaging effects like acid rain, smog, and contributes to global warming. It is 
important to look into how an office can decrease the amount of electricity it wastes due to inactive 
computers, plugged in appliances not being used, and lights left on when no one is around. I intend to 
look into this first with a survey to get impressions from the people who work there, but also to do 
some observation of my own to see if what they say matches their actions.  
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Subjects 
 The subjects of this study are faculty and staff who work in the offices of the Chemical 
Engineering and Social Science departments. In order to gather what range of employees I would be 
interviewing, I researched each individual’s profile on the WPI website. This information was only to 
determine the range, and in no way will be used to identify individuals. From this research, I gathered 
that the faculty members all have a degree in their field and at least one Ph. D. The following questions 
were asked during the interview. These questions include the range of the employee’s salary, and a 
general feel for how strongly they feel about environmental issues.  
Questions: 
1. Please indicate the choice that best describes what range your salary is included in; this number 
refers to you as an individual (not household income) and before taxes.  
 
A. ≥ $25,000 
B. $26,000 - $40,000 
C. $41,000 - $60,000 
D. $61,000 - $80,000 
E. $81,000 - $100,000 
F. $101,000 - $120,000 
G. > $120,000 
 
2. Please rate how important environmental issues are to you, 1 being not very important, to 7 
being extremely important. 
 
not at all important        extremely important 
1 2 3 4 5 6 7 
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This graph shows that the salary of most employees is between $26,000 and $40,000 (B) with 
the other majority towards the $61,000 to $100,000 (D and E) range. Thus, I can conclude that these 
people have average intelligence and thus have the ability to grasp the bigger picture. Telling them the 
truth about what is happening may be enough to convince them to change their habits since they can 
conceptualize what consequences their actions will have. The next graph tells more about which 
department participated more. 
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Design 
The design of this project is based on both quantitative and qualitative data gathered from the 
office settings and the personnel. The qualitative data was in the form of interviews to get a sense of 
what the faculty and staff believed they were doing in terms of habits in sustainability. In an attempt to 
ask questions that would gather answers to reflect the overall awareness the personnel have to 
sustainable behaviors, I compiled a list of questions to ask the faculty and staff separately. This is due 
to the nature of the questions being asked and which questions would be better answered by either 
staff or faculty. The questions are listed below, along with explanations of why I picked them. 
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Questionnaire for Staff: 
Heating and cooling 
Do you know where the thermostat is? 
Do you check them? 
Do you know if they work? Are they accurate? 
Do you control them? (what temp in the winter/summer) 
If not, is the temperature too warm? Too cold? Just right? Which season? 
 
These questions were chosen to determine how aware the staff was of their heating. The first 
few questions are meant to determine if they are aware of any control over their heating, and how 
accurate that control is. If they do know where their thermostat is, the next things to find out are their 
awareness of this control and if they exercise it. For instance, if they know they have a thermostat that 
is accurate, do they change the temperature? If these are all affirmed, then the questions turn to how 
excessively warm or cold is it kept? This determines if they are changing the temperature to help be 
sustainable for the environment. One way they could do this is keeping the temperature around 70 
degrees Fahrenheit during the office hours, and turning it back down to 65 or less after hours to keep 
costs down and decrease impact on the environment. 
Resource use: 
Do you have recycle bins? 
How many? What kinds? 
What types of materials are recycled? 
What office supplies are replaced most often? 
Could you show me what kind of paper you use for the printers? 
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Could you show me your printers? 
Do you print double sided? 
Do you send the ink cartridges to be refilled? 
Do you know where? What company?  
 
Again these first questions are to determine the staff’s awareness of recycling in their 
respective offices. The third question is to determine what the staff recycles and is most aware of 
recycling. For specific questions, such as type of paper and printers, I worded them into ‘can you show 
me.’ so that I could get the information directly from the packaging and eliminating the possibility of 
incorrect information. Asking if the staff double prints helps determine how aware of the eco-friendly 
settings they are, and how often they use them. This may help them realize that if they print their 
documents double sided whenever possible, they will save on paper. However, they will still be using 
ink, and that brings us to the next question of what they do with the ink cartridges. This question 
determines if they in fact send their empty cartridges to be filled instead of throwing them away. This 
saves resources and energy of making the cartridge and also significant money, depending on the 
company.  
Water: 
Could you show me your kitchen? 
Do you use tap water? Or do you stock up bottled water? 
Do you use reusable mugs or disposable cups? 
How often do you replace the cups? 
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Water is an important resource and so the answers help reflect how conservative with water 
they are and with the resources for water containers. 
Electricity: 
Could I see your computers? 
Do you put it in sleep mode overnight? Or turn it off? 
Do you know what types of light bulbs are used? (how many?) 
Do you keep the printers on at night? Standby mode? Sleep mode? 
What other appliances do you have in the office? (e.g. Coffee maker) 
Do you leave it plugged in? 
In order to figure out how much energy the office wastes on electricity, the main culprit I 
wanted to focus on were the computers, lights, and then appliances. First I needed to find out what 
types of computers were being used, do determine their efficiency. Newer models are more efficient 
than older ones. Next, I asked about when they are turned off, and whether sleep mode is used. This 
gives me an idea of the behavior the staff have for saving electricity, i.e., turning off computers at night 
instead of sleep mode or leaving them on. Then I broadened my search to include light bulbs, their 
efficiency, and when they were turned off. Lastly, I asked about any other appliances such as 
refrigerators, microwaves, coffee makers, or anything else an office might have, again asking how 
often they are plugged in and/or left on.  
This next questionnaire, meant for the faculty, is a little less precise and more of general oversights 
into what their habits are.  
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Questionnaire for Faculty: 
 
Heating and cooling 
Do you control your room’s temperature? 
What setting do you keep it on? 
Winter temperature 
Summer temperature 
Does this seem too warm/cold? 
 
These questions differ from the staff questions because the staff is probably less likely to know 
the accuracy of their thermostats, and are not always in control of the heating.  
Resource use: 
Do you have a recycle bin? 
How often do you use it? 
What sorts of handouts do you print? (e.g. Syllabus, notes, official documents, etc.) 
How often? 
Do you print out exams/ quizzes? Approx. how many? 
Do you print double sided? 
Have you stopped printing certain handouts? If so, why? 
 
These questions are more about the habits and frequency of using the machines than specifics 
of the printers themselves. These questions also serve to get an idea as to the recycling habits of the 
faculty. I chose to ask these questions because they directly impact the resources wasted that hurts 
our environment. 
26 
 
Water: 
Do you drink bottled or filtered water? 
Do you drink out of a disposable container? If not, what do you use? 
 
Drinking from bottled water has a bigger impact on the environment than people realize, so this 
is also an important question to ask. Using filtered water from the tap is not only healthier regulation 
wise but cheaper. It is also important that reusable containers are used for consumption instead of 
throwaways.  
Electricity: 
Could I see your computer? 
Do you put it in sleep mode overnight? Or turn it off? 
Do you have a printer? Or do you use the main ones? 
Do you drink coffee? 
What do you put the coffee in? 
Do you have a lab? Can you show me? 
 
Again, these questions are to assess the energy consumption by determining not only the 
efficiency of the machines, but the habits of the users. The last question differs from the other 
questionnaire because the faculty may have labs, where staff does not.  
The purpose of posing the questions like a tour is to minimize bias or incorrect data. Instead of 
just asking for information (and perhaps getting less accurate information), I ask them to show me 
where each piece is helps me determine how aware of these things they are, and gives me the chance 
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to record the important facts I need. For example, asking what kind of paper may give me a limited 
response when I need more information than they provide.  
Procedure: 
For this project, I planned to interview during scheduled interactive visits, observe the recycle 
bins and trash bins during observational visits, then research the specific impacts these aspects had on 
each department. During the course of this project I did manage to set up interactive visits, but was 
unable to do the observational visits. For the interviews, I set up an appointment announcing my 
arrival and only interviewed those who agreed to participate. The questionnaire was designed so that 
it is only needed to be answered once, so follow up interviews were not a part of this project. 
Unfortunately, I did not get as many interviews from either department as I wanted due to not enough 
volunteers and time restraints. The intention with the observational visits was to show up 
unannounced about 3 times a week to check the trash and recycling to see if interview answers 
matched the observable evidence. However, with overloading classes and injury, I did not do this part 
of the planned project. This data was collected only to determine how the office as a whole is creating 
a sustainable environment in the workplace, and not towards individual actions.  
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Results: 
The analysis of the interview answers I gathered below explain the behaviors of the employees 
so I am aware what changes need to be prioritized to improve sustainability in these offices. 
Reusable 
  
Most of the employees in the Chemical Engineering department do not have reusable mugs 
that they use on a daily basis. This could be due to not drinking coffee or tea often, and so the use of a 
mug is moot. The other reason is the participants get their coffee/tea in a disposable cup. These 
disposable cups add to the already overwhelmed landfills that we have today, and are very bad for the 
environment by introducing toxins in a non-compostable form. In comparison, the Social Sciences and 
Policy Studies Department does not show any use of disposable cups since all four of them have 
reusable containers. As mentioned above, water is thousands of times cheaper than bottled water, is 
monitored more than bottled water, and bottling water is worse for the environment.  
3 
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Reusable Container CE 
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reusable mug
other
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Printing habits 
 
Printing habits can have a huge impact on office workings and the environment. Double side 
printing saves on paper costs, utilizing resources more effectively, and saves on space. One reason 
office print papers is for cataloging, and filing information for record keeping. If the pages of these files 
were all double sided, it would cut down the space required to store these files in half. An even better 
solution for filing would be to have all these files in digital form. Having records on a hard drive or 
server only takes up the space of the computer, saving space in the office for movement, more 
workers, or anything else a growing company needs. It also makes finding the files much easier. 
Instead of manually going through boxes of files, one simply types in the search bar and the file is 
retrieved in seconds. This saves time and money, making a more efficient working environment.  
The following graphs show both departments and the energy used by both of them with the 
categories of computers, printers and copiers, and other appliances. In order to get these figures I had 
to research each item I recorded from the interviews. For instance, during the interviews I asked what 
kind of computer they had, if they had any printers and what the models were. These were then 
researched to find the power consumption rate to determine how much energy they used per hour. 
Then I took the estimated number of hours that computer was on or in sleep mode per week 
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2 
Double 
side 
mostly, 2 
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(assuming off was zero), and multiplied it by the power consumption rate. This gave me approximately 
how many Watts were being used by department and by the individuals that participated. 
Unfortunately, I did not get as big of participation as I had hoped for, so these numbers had to be 
proportioned to get a more accurate reading. Each department’s total was then divided by the number 
of people participating in that department; therefore these estimates are per person. Later on I will 
show the estimated consumption rate for each building as a whole.  
Computer use 
 
 
When interviewing the participants, I found out that the majority of them have OptiPlex Dell 
models for desktop computers. After some research, I found that these computers are one of the more 
efficient ones that Dell provides its customers.5 Both the monitors and the towers for the desktop 
utilize updated efficiency technology.5 The Dell computers use power supplies that use 255W for 
operation, and have power efficiencies near 90%.5 These computers are also qualified by Energy Star 
and the EPEAT® Gold systems which makes them more environmentally friendly than other models.5 
However, this efficiency is not the only way to save energy. Sustainable habits should also be used 
daily, and here is an example why. 
10 
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This chart shows the majority of people in both the Chemical Engineering and Social Science 
and Policy Studies department turn off their computers at night. This habit saves energy and allows the 
computer to clear its ram stick, allowing the computer to run quicker and more efficiently. As 
mentioned earlier, turning a computer into sleep mode uses only 1-2% of the energy used while it is 
running.21 For a 255W computer, this means that approximately 5W are being used each hour at night 
if it is in sleep mode. So, if someone left their computer in sleep mode overnight, after an 8 hour work 
day, the computer used 80W that night. This wasted electricity can be saved by simply turning off the 
computer at night.  
Not only does turning off the computer at night save electricity, but it also saves money and 
reduces carbon emissions. Here is a table showing how much electricity is being used for each 
department and how much money is used by week and also by year JUST for the individuals I 
interviewed. I also added a section showing how much money and electricity would be saved if both 
departments did not use their refrigerators. It is amazing the difference one or three high energy 
consumption appliances can make. The kilowatts were determined by multiplying the approximate 
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number of hours used per week by the power consumption rate. The hours were determined from the 
interviews, but the power consumption was researched for each appliance or machine. I did not find all 
the power consumption rates for every piece of equipment which also altered the results. 
Electric Social Science and Policy Studies Chemical Engineering 
Computers  kW $$$ kW $$$ 
per week 82.4 9.22 127.4 13.95 
per year 4041.6 442.56 6115.2 669.61 
          
Printers/copiers         
per week 72.8 7.97 126.2 13.82 
per year 494.4 382.64 6057.6 663.31 
          
Other appliances         
per week 1786.6 195.63 1331 145.76 
per year 85756.8 9390.37 63892.8 6996.26 
          
w/o refrigerators         
per week 75.8 8.3 16.1 1.76 
per year 3638.4 398.41 772.8 84.62 
Savings / year   ~ 9,000   ~ 7,000 
 
 The amount of carbon emissions that the electricity creates is not insignificant either. Using the 
equation from the electricity section, I calculated the estimated carbon emissions for both 
departments. The following equations show the estimates using the estimated kWh for the whole 
building and the average cost per kWh. 
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Here is what the chart looks like without the refrigerators.  
 
 
 As you can see, even without the refrigerators and on an individual basis, the SSPS department 
is still using more energy per week than the CHE department. This could also be due to the computer 
labs that more people in the SSPS department have than the CHE department. However, both 
departments are still using over 30kW per person, which is about 24 kg of CO213 per week just at work!  
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Based on these results, I will first explain the general changes both offices can make to increase 
sustainability, and then I will go into detail for each department on the specific changes they can make 
by prioritized category.  
General Improvements 
Improvements that both offices can make include less printing, more reusable mugs and 
bottles, and turning off machinery at night or when not in use. These habitual actions can make a 
significant improvement in environmental impact. By saving paper and ink, the office wastes less and 
reduces pollution from the ink. Using reusable bottles and mugs saves on the Styrofoam and 
disposable bottles that use fossil fuels but also leach harmful chemicals into the environment and into 
our drinks. Turning off the machinery saves money, electricity from destructive coal power plants, and 
extends the life of the hardware, increasing efficiency and decreasing harmful environmental impact. I 
will next list prioritized improvements each office can make to increase sustainability by their 
environmental impact.  
Improvements 
The following table shows the cause of the environmental impact, the change that can be made 
to make it more sustainable, how much it will cost, how easy it will be to change, the savings it will 
bring to the departments and the emissions after the change. The costs are based on estimates from 
the departments, facilities information, and estimates from online sources. The emissions information 
comes from estimates from departments and from the equations used previously from Your Ecological 
footprint site.13 The paper estimates came from a typical year’s estimate of printing, and for this 
purpose we are assuming single sided, in which case the savings would be half of the amount spent per 
year if double sided printing occurred. 
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Here are additional websites used for information to make these table calculations: 
http://www.environmentaa.org/whatwedo/whatwedo.php?dir=save_a_cup 
http://www.bottledwater.org/news/earth-day-2010-finds-weight-plastic-water-bottles-reduced-32-while-maintaining-very-small-envir 
http://cosmos.ucdavis.edu/archives/2008/cluster4/edwards_choi/Investigation.htm 
http://www.dothegreenthing.com/wiki/display/WIKI/Reduced+reborn+-+reduce+consumption+of+disposables  
Cause 
Impact (CO2 
kg/yr) Change 
Ease  
(easy 1-5 
hard) Cost ($) Savings/yr  
Eco-friendlier  
(kg CO2 emitted/yr) 
Refrigerator 
(Samsung) 20390.4 remove 4 removal fee  ~ $ 9000 0 
disposable cups 
(1/day) 
1.1/cup * 
365.25=401.8 
reusable 
mug 2 $5 - $30 
$2/coffee 
cup*365.25=$730.50 0.02 
disposable water 
bottle (1/day) 
.4264/bottle * 
365.25=155.7 
reusable 
bottle 2 $1 - $20 $1/bottle*1yr=$365.25 0.160869 to make, 0 on 
Single Sided 
Printing (SSPS) 57399.5 
Double side 
print 1 0 $949.28 28699.5 
Single Sided 
Printing (CHE) 66113.04 
Double side 
print 1 0 $1093.38  33056.5 
Filing hard copies depends 
Computer 
files 5 
Depends, hard 
drive/server   depends 
heating system 
(CHE) 131,700 fix 4 repair fee Difficult to tell   
heating system 
(CHE) 131,700 
Replace 
(geothermal) 5 
~$600000(1st 
yr), 
~$14000/yr 
payback in 12 years, 
save $38,000 depends 
space heaters gone 
(SSPS) 116,121.6 
wear more 
layers 1 0 $23.65  0 
space heaters gone 
(CHE) 100,638.7 
wear more 
layers 1 0 $20.50  0 
printers (night-CHE) 290 all/most off 2 0 $14.93  181 
(day-CHE) 4560 
only have 
one on 3 0 $473.04  1104 
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 From this Table I organized what changes were most necessary in certain categories; 
environmental, financial and convenient. I will now list the priority changes for each category and 
explain my reasoning. 
Chemical Engineering Improvements 
Environmental Changes 
1. No Space Heaters 
2. Double Side Print 
3. Printers During Day 
4. Reusable mugs 
5. Reusable Water Bottle 
For the first improvement choice for the Chem. Eng. Department, I chose no space heaters 
because it had the biggest decrease in impact out of the options in the table.  The next choice, double 
sided printing, was chosen because it had the next largest reduction in CO2 emissions, as shown in the 
chart above. The third choice in terms of environmental priority changes is having only one printer on 
during the day. This saves a great amount of energy and money. I would suggest using the ones that 
are rented, since they seem essential in the work place, but the others should be turned off unless 
absolutely needed. Fixing the heating system could be a third choice for the environmental choices, 
but the prices and time to fix it depend on the system. Although I could show how much CO2 would be 
reduced after the fact, it is hard to tell because the behaviors of the personnel vary and the fixed job 
may not completely mitigate the problem entirely. Next in the list are reusable mugs, which, a little 
surprisingly, take a significant lead over reusable water bottle use with the reduction in CO2 emissions. 
This probably comes from the process of manufacturing the paper and Styrofoam cups. Last in this list 
is the reusable water bottle change. It is quite amazing how little CO2 is emitted to produce one 
reusable water bottle or mug which can be used for as long as it lasts. If a decent Nalgene bottle lasts a 
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person 20 years, then per year the CO2 emitted for the bottle is 0.001 kg. Each year, the number goes 
down, making this choice a very practical one. But what is the most financially acceptable priority list of 
choices? 
Financial Changes 
1. Double Sided Printing 
2. Reusable Mug 
3. Printers During Day 
4. Reusable Water Bottle 
5. No Space Heaters 
We find double sided printing at the top of the list not only because does it costs nothing to change 
the habit, but it also has the most reduction in emissions. Next changes for financial benefit and 
sustainable behavior is reusable mugs and reusable water bottles. It is surprising how much money can 
be saved when people stop buying wasteful Styrofoam cups of coffee every morning. This is not to say 
the morning ritual of coffee has to be abandoned, but getting a reusable mug and making coffee at 
home will save a person hundreds of dollars each year. Lastly, in the financial changes, is the choice to 
remove space heaters from the offices. Space heaters use around 1500W of power an hour, and 
assuming the total they are used adds up to 3 hours a day for a year, this becomes a large amount of 
CO2 being emitted. However, the cost of removing them from the office is nothing, and it will save 
about $20 per year. Instead of using heaters, putting on more layers would help. Keeping a sweater at 
work just in case it is chilly would be financially and environmentally beneficial.  
  
38 
 
Convenient Changes 
1. Double Side Print 
2. No Space Heaters 
3. Reusable mug 
4. Reusable Water Bottle 
5. Only One Printer During Day 
As far as convenience goes, most of this was based on my thoughts and from the impressions I got 
from the interviews of how easy certain tasks would be for the employees in the department. For the 
first one, I thought double sided printing would be the easiest to get used to, not to mention the 
financial benefits and environmental impact reduction. Removing space heaters would also be rather 
simple, but the employees would have to get used to bringing extra layers with them to work, or to 
leave layers at work for when they needed them. It also has a significant reduction on environmental 
impact, so this makes it the second best choice. Reusable mugs and water bottles are simple enough, 
but going out and buying one may not be very convenient, and it may be difficult to remember it when 
going to work. It would be up to the person to have multiple reusable containers for both locations, 
but this would give them something else to think about when they have enough on their plates. Lastly, 
only having one printer running in such a busy office is probably not the most convenient choice, but it 
does have its other benefits. Unfortunately, it might be difficult for the Chem. Eng. Department to 
change their habit of having all their printers on constantly to remembering to shut them off, or turn 
them on, making this the least convenient option in the top five for the category.  
Of all of these choices, the ones that stand out the most are double sided printing, reusable 
containers, and space heater removal. Double sided printing made the top of every list, most CO2 
reduction, least cost and good savings, and is not too difficult to incorporate into daily routine. Getting 
reusable containers saves space in landfills and reduces CO2 emissions, saves money, and can be 
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incorporated without too much hassle. Space heaters being removed would be easy to act upon, and it 
does save money (albeit not much), but it may not be easy for people to remember to bring extra 
layers of clothing. The ones I would like to see happen most are the heating system being fixed or 
retrofitted, double sided printing, and reusable containers. Fixing the heating would solve the space 
heater problem and save on energy. One possibility would be installing geothermal, which would keep 
the building at a constant temperature so heating and cooling costs (and subsequent emissions) would 
go down. However, I understand this is not in the departments head’s authority to make or really ask 
for such a change. But it is never the less an option that I would encourage this school to think about 
none the less, for the school or individual homes. Double sided printing saves paper and is easy to do. 
Just adjusting the printing setting on the computer to double side printing would make it even easier. 
Reusable mugs and water bottles save a significant amount of money and emissions, but ultimately I 
like the idea of less trash in the landfills.  
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Social Science and Policy Studies Improvements 
Environmental Changes 
1. No Space Heaters 
2. Double Side Printing 
3. Remove Refrigerator 
4. Reusable mugs 
5. Reusable bottles 
This department could also change their habit of using space heaters in the office to reduce 
emissions. Since this building seemed to do fine with its temperature, I did not think it necessary to 
suggest geothermal to this department. Instead, the second choice is double sided printing their 
documents. Third is removing the refrigerator from their kitchen. The refrigerator itself generates 
20,000 kg of CO2 / year, hence its removal would reduce quite a lot of emissions. Though this is 
environmentally helpful, it is not very practical. Not only is it a hassle and upsetting for the workers, 
but it would make it less likely for people to use their reusable containers or bring boxed lunches. 
Perhaps downsizing the refrigerator is a better solution. One thing I did look into was a replacement for 
the refrigerator in case it was too difficult for the employees to part with it, but did not find a suitable 
replacement. The research I did names Samsung among the top 3 for most efficient brands of 
refrigerators. This made finding a replacement refrigerator not only more challenging, but I could not 
find a mini refrigerator on the Samsung webpage. It seems the SSPS department has one of the most 
efficient refrigerators they can. Fourth and fifth are the choices to use reusable mugs and bottles, with 
the next most reduction in emissions. Next we will look at the departments financial options for 
sustainable change. 
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Financial Changes 
1. Remove Refrigerator 
2. Double Side Printing 
3. Reusable mug 
4. Reusable Water Bottle 
5. No Space Heaters 
Financially speaking, removing the refrigerator would save the department about $9,000 annually, 
after the removal cost and would save from emissions. I looked for an approximate cost to remove the 
appliance, but did not get a decisive answer. However, the savings still far outweigh the cost of 
removal, especially in following years. But again, this is not a very practical option. Next in line for 
economical sustainable choices is double side printing, saving money as well as emissions. Third and 
fourth are reusable containers. The small cost for initially buying them is insignificant to the hundreds 
saved per year just by using it once per day. Lastly, no space heaters in the department save a small 
amount of money, but it saves none the less. 
Convenient Changes 
1. Double Side Print 
2. No Space Heaters 
3. Reusable mug 
4. Reusable Water Bottle 
5. Remove Refrigerator 
The convenient changes shown above begin with printing double sided once again. Lack of space 
heaters is second for convenience because though they are easy to unplug and store away, it is more 
difficult to remember layers to make up for it on chillier days. Reusable containers are next in line, 
followed by removal of the refrigerator. From looking in the refrigerator and observing quite a few 
employees eating boxed lunches, it is clear that it is in current use. However, perhaps the lunches can 
do without being put in a, frankly, very large refrigerator. Perhaps a smaller one just for the essentials 
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would be enough. I think this is probably a very difficult choice to get accustomed to, and therefore it is 
the last one on the list. 
This department, after showing the prioritized lists, should also try to print double sided, use 
reusable containers, and, if possible, downsize or remove the refrigerator. Saving paper helps the trees 
(literally and by reducing carbon emissions) and the department budget by simply using a different 
setting when printing essential documents. Of course reducing the amount of things printed would 
help also, but not as much as double side printing everything printed. Of course, not every document 
can be printed on both sides, but doing this for most of them would help tremendously. Reusable 
containers save landfills and money, so they are also high on the list of changes. Downsizing the 
refrigerator sounds like a tall order, but it saves a significant amount of money and reduces quite a bit 
of carbon emissions, helping the planet. Of course, these are just suggestions based on my 
observations and best estimates to help guide these departments in their already sincere attempts to 
achieve sustainability. They make take or leave the advice I have laid out for them, but I strongly urge 
them to consider all the options and make as many changes as possible. Turning these choices into an 
interdepartmental challenge would be a fantastic method to incorporate these new habits.  
Conclusions 
This paper started by looking at different environmental issues and the impacts they have on 
nature. The goal was to inform the reader of the issues and impacts of daily activities that have an 
impact on the environment. With this information in mind, the questionnaire was created to gain 
information about the two departments and evaluate their sustainable behaviors. Estimations were 
then made for the environmental and financial impacts of each action. With these estimations and 
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calculations, I determined which ones should be considered the top five priorities in three main 
categories.  
From the interview analysis it is clear to me that these offices are consciously making an effort 
to be environmentally sustainable, but there are improvements that can be made. Most of these 
changes can be made through behavioral changes. Turning off machinery at night, using online 
resources instead of printing and making smarter purchases can make a significant decrease in the 
impact on the environment.  
The goal of this project was to determine what courses of action could be taken by the 
employees of a few departments on campus; however there are many ways this project could have 
gone better. For instance, it would have been much nicer if more people had participated in the 
interviews so the results were more accurate. Another thing that could have improved this project is 
the observational visits. This information could have significantly improved the accuracy of how much 
waste each department unconsciously throws out. However, there is room for more projects to extend 
from this one and be expanded upon. For example, more departments could have been looked into to 
determine what else they could do to improve their sustainability. Another option could have been to 
look more into alternative energies and ways of implementing them to help run the campus. This 
project looked particularly into the behavioral side of the process, but also took into account a few 
upgrades in technology that could significantly reduce emissions and improve efficiency. Future 
projects that may extend from this one could follow up on these suggestions and the offices to see 
how many of the suggestions were acted upon, by how much and for what reasons. This could give a 
better idea of what sorts of changes are most likely to occur on a fast paced campus to improve its 
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sustainability through behavioral changes. The information from that could help formulate a better 
approach to helping employees change their habits to more sustainable easier and more rapidly.   
45 
 
Bibliography 
1. Energy Efficiency & and Renewable Energy. Estimating Appliance and Home Electronic Energy Use. U.S. Department of Energy, 
n.d. Web. 9 Feb. 2011<http://www.energysavers.gov/your_home/appliances/index.cfm/mytopic=10040>. 
2. Energy Efficiency & and Renewable Energy. When to Turn Off Personal Computers. U.S. Department of Energy, n.d. Web. 9 Feb. 
2011. <http://www.energysavers.gov/your_home/appliances/index.cfm/mytopic=10070>. 
3. Environmental Paper Network. Paper Calculator. Ed. Scott Cielo. Environmental Paper Network, 2011. Web. 28 May 2012. 
<http://calculator.environmentalpaper.org/home>. 
4. National Geographic. Deforestation. National Geographic Society, 2012. Web. 28 May 2012. 
<http://environment.nationalgeographic.com/environment/global-warming/deforestation-overview/>. 
5. OptiPlex 780. Dell, 2007. Web. 29 May 2012. <http://i.dell.com/sites/content/shared-content/data-
sheets/en/Documents/optiplex_780_tech_spec_sheet.pdf>. 
6. Howard, Brian C. Skip Styrofoam Cups. for Your Health. The Daily Green, 2012. Web. 28 May 2012. 
<http://www.thedailygreen.com/going-green/tips/polystyrene-stryrofoam-cups-460529>. 
7. Office of Energy Efficiency and Renewable Energy. EnergySmart School Tips:Retrofitting, Operating, and Maintaining Existing 
Buildings. U.S. Department of Energy, 2012. Web. 28 May 2012. 
<http://apps1.eere.energy.gov/buildings/publications/pdfs/energysmartschools/ess_quick-wins_fs.pdf>. 
8. The NEED Project. Energy Consumption. U.S. Department of Energy, 2011. Web. 28 May 2012. 
<http://www.need.org/needpdf/infobook_activities/IntInfo/ConsI.pdf>. 
9. food&water watch. Bottled Water. Ed. Lane Brooks. Food & Water Watch, 2010. Web. 28 May 2012. 
<http://www.foodandwaterwatch.org/water/bottled/>. 
10. food&water watch. Bottled Water: Illusions of Purity. Ed. Lane Brooks. Food & Water Watch, 2010. Web. 28 May 2012. 
<http://www.foodandwaterwatch.org/water/bottled/>. 
11. food&water watch. Bottling Our Cities’ Tap Water: Share of Bottled Water from Municipal Supplies Up 50 Percent. Ed. Lane 
Brooks. Food & Water Watch, 2010. Web. 28 May 2012. <http://www.foodandwaterwatch.org/water/bottled/>. 
12. AllAboutWater.org. The Effects of Bottled Water on the Environment. All About Water, 2004. Web. 28 May 2012. 
<http://www.allaboutwater.org/contact.html>. 
46 
 
13. McGraw Hill Higher Education. Your Ecological Footprint: How Much Carbon Dioxide Do You Emit?. McGraw Hill Higher 
Education, 2004. Web. 28 May 2012. <1. http://highered.mcgraw-
hill.com/sites/dl/free/0073383228/616378/Carbon_Dioxide_ecofootprint.pdf>. 
14. Super Green Me. Sustainable Paper Practices in the Office. Ed. Super G. Me. All About Water, 2008. Web. 28 May 2012. 
<http://www.supergreenme.com/go-green-environment-eco:Sustainable-Paper-Practices-in-the-Office>. 
15. Winthrop. Sustainable Office Practices . Winthrop University, 2008. Web. 28 May 2012. 
<http://www2.winthrop.edu/sustainability/sustainable_office_practices.htm>. 
16. Environmental Protection Agency. Buildings and their Impact on the Environment: A Statistical Summary. EPA, 22 Apr. 2009. 
Web. 28 May 2012. <http://www.epa.gov/greenbuilding/pubs/gbstats.pdf>. 
17. Common Dreams. Why Air Con is Ruining Our Environment: Our love of air con is making the world even hotter. Ed. Jimmy L. 
Shreeve. Common Dreams, 24 Aug. 2006. Web. 28 May 2012. <http://www.commondreams.org/headlines06/0824-06.htm>. 
18. Pacific Institute. Bottled Water and Energy A Fact Sheet. Ed. Jessica Adams. Pacific Institute, 2012. Web. 28 May 2012. 
<http://www.pacinst.org/topics/water_and_sustainability/bottled_water/bottled_water_and_energy.html>. 
19. food&water watch. Bottled Water Costs Consumers and the Environment. Ed. Lane Brooks. Food & Water Watch, 2010. Web. 
28 May 2012.  
20. AllAboutWater.org. Glossary. All About Water, 2004. Web. 28 May 2012. <http://www.allaboutwater.org/contact.html>. 
21. University of Notre Dame. Sustainability University of Notre Dame. University of Notre Dame, 2012. Web. 28 May 2012. 
<http://green.nd.edu/sustainability-in-action/staff/>. 
22. hp. EPEAT and ENERGY STAR compliance. hp, 2012. Web. 28 May 2012. 
<http://www.hp.com/sbso/solutions/pc_expertise/energy-efficient-computing/epeat.html>. 
23. Blue Sky Model. Pounds of CO2 per Pounds of Stuff. Ed. Jack Clayton. Blue Sky Model, 2008. Web. 28 May 2012. 
<http://www.stewartmarion.com/carbon-footprint/html/carbon-footprint-stuff.html>. 
24. Mohr, Doug M. Fostering Sustainable Behavior: An Introduction to Community-Based Social Marketing. 3rdrd ed. Gabriola 
Island, Canada: New Society Publishers, 2011. Print. 
25. "Refrigerators: Which is the 'Coolest One'?" Renewing India Apr. 2004, vol. 4,is. 5 ed. Web. 28 May 2012. 
<http://gaia.lbl.gov/india/asl/Indian%20Refrigerator%20Survey%20Article.pdf>. 
47 
 
26. Environmental Action Association. Save a Cup, Save the Earth. Environmental Action Association, 2011. Web. 28 May 2012. 
<http://www.environmentaa.org/whatwedo/whatwedo.php?dir=save_a_cup>. 
27. International Bottled Water Association. Earth Day 2010 Finds Weight of Plastic Water Bottles Reduced by 32%, While 
Maintaining a Very Small Environmental Footprint. Ed. Tom Lauia. Environmental Action Association, 15 Apr. 2010. Web. 28 
May 2012. <http://www.bottledwater.org/news/earth-day-2010-finds-weight-plastic-water-bottles-reduced-32-while-maintaining-
very-small-envir>. 
28. Choi, Soo-Yeon, and Sarah Edwards. How Green is Your Water Bottle?. N.p., 2010. Web. 28 May 2012. 
<http://cosmos.ucdavis.edu/archives/2008/cluster4/edwards_choi/Investigation.htm>. 
29. Carbon saved by reducing consumption of disposables. Ed. Andy Hobsbawm. Green Thing Wiki, 12 June 2007. Web. 28 May 
2012. <http://www.dothegreenthing.com/wiki/display/WIKI/Reduced+reborn+-+reduce+consumption+of+disposables>. 
30. Fascinating Facts and Statistics. Yoder Geothermal, 2012. Web. 28 May 2012. <http://www.yodergeothermal.com/facts-and-
statistics>. 
31. Basic Information. Environmental Protection Agency, 2011. Web. 29 May 2012. 
<http://www.epa.gov/climatechange/basicinfo.html>. 
32. Sustainability. Environmental Protection Agency, 2011. Web. 29 May 2012. <http://www.epa.gov/sustainability/basicinfo.htm>. 
33. "U.S. EPA, Toxicity and Exposure Assessment for Children's Health." Phthalates: TEACH Chemical Summary. Environmental 
Protection Agency, 10 Oct. 2007. Web. 29 May 2012. <Sustainability. Environmental Protection Agency, 2011. Web. 29 May 
2012. <http://www.epa.gov/sustainability/basicinfo.htm>. >. 
34. Berg, Bruce L., and Howard Lune. Qualitative Research Methods for the Social Sciences. 8th th ed. Upper Saddle River, NJ: 
Pearson Education Inc., 2012. Print. 
35. Rubin, Herbert J., and Irene S. Rubin. Qualitative Interviewing: The Art of Hearing Data. 2nd ed. Thousand Oaks, CA: Sage 
Publications Inc., 2005. 5. Print. 
36. Brower, Michael, and Warren Leon. The Consumer’s Guide to Effective Environmental Choices: Practical Advice From The 
Union of Concerned Scientists. NY, NY: Three Rivers Press, 1999. Print. 
 
  
48 
 
Appendix 
Table 1  The following chart shows the equipment used in each respective department. The first column 
shows which department the machine is associated with. The second describes what kind of machinery it is, also 
color coded for easier distinction. This separation was used to show the differences in energy usage between 
printers, computers, and other appliances. The third column gives the make and model of the machine for 
researching purposes. The fourth column gives the number of items, and blank spaces means there is only one 
of that kind in that department. The fifth and last column gives the power consumption of the machine when 
on, ready mode, sleep mode, and off, in order. Values are given in Watts for this column for convenience, and 
any blank space in this column denotes a failure to find the power consumption for that item.  This could be due 
to not finding the correct site, or the informative site not giving a value. 
Department machine type model 
number of 
items  
(if not 1) 
power W/hr 
ON/READY/SLEEP/OFF 
Social Science & P S  printer HP Color Lazerjet CP3525dn   643/60/35/0.5 
  printer HP Color Lazerjet 4250dtn   675/21/19/0.2 
  computer Optiplex 980   255/5.1 
  computer Optiplex 745   255/5.1 
  computer Optiplex 755   255/5.1 
  copier RICOH Aficio MP 4000   1500/105 
  coffee maker Keurig Coffee   1500 
  refrigerator Samsung Refrige   531000 
  toaster Black and Decker Taster   850 
  microwave GE Microwave   1200 
  hole puncher Swingline hole punche3r     
  sharpener huntboston pencil sharpener     
  shredder 
staples shredder item 
#635595     
  Fax canon CFX - L 4000   6 
  computer Imac desktop 6 205/4.1 
  computer mac air laptop   45/.9 
  computer pc laptop     
  computer pc desktop (Dell?)     
  computer macbook pro   77.5(batt)- 85/1.7 
  computer Optiplex 780 15 255/5.1 
  heater Holmes space heater   1500 
Chemical Eng. printer HP Color Lazerjet CP1215   290/12/12/0 
  printer HP Lazerjet 4100n   465/21/20/0 
  printer HP Lazerjet 4050n   330/22/20/0 
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  printer HP Lazer 1200n   285/7/0 
  printer HP Color Lazerjet CP3525dn   643/60/35/0.5 
  printer HP Lazerjet P4014n   800/17/14/0 
  copier RICOH Aficio MP 6001   1900 
  computer optiplex 980 2 255/5.1 
  computer Optiplex 760 7 255/5.1 
  computer Thinkpad     
  coffee maker Bunn My Café   1440 
  microwave Microwave   1200 
  fridge GE Refrige 2   
  toaster  bagel bestor toasty Sanyo     
  fridge Sanyo fridge     
  heater? acutemp plus 
1000 to 
1600 min 
to max 1300 
  fan holmes fan     
  heater? asterion     
Here is a similar list which has the URLs for where the power consumption was found. 
HP Color Lazerjet CP3525dn http://h10010.www1.hp.com/wwpc/ca/en/sm/WF06b/18972-18972-3328060-236268-236268-3690646-
3690655.html?dnr=1 
HP Color Lazerjet CP4250dtn 
http://h20000.www2.hp.com/bizsupport/TechSupport/Document.jsp?objectID=c00248906&locale=en_US&taskId=101&prodSeriesId=4
12144&prodTypeId=18972 
Optiplex 980 http://www.dell.com/us/business/p/optiplex-980/pd 
Optiplex 745http://www.dell.com/us/business/p/optiplex-780/pd 
Optiplex 755http://www.dell.com/us/business/p/optiplex-780/pd 
RICOH Aficio MP 4000 
Keurig Coffee http://reviews.cnet.com/espresso-cappuccino-machines/keurig-special-edition-b60/4507-17878_7-32937273.html 
Samsung Refrige http://www.samsung.com/us/appliances/refrigerators/RFG298HDRS/XAA-specs 
Black and Decker Toaster http://www.allbrands.com/products/31880-black-and-decker-tr1256w-2-slice-toaster 
GE Microwave http://products.geappliances.com/ApplProducts/Dispatcher?REQUEST=SpecPage&Sku=PEB2060DMWW 
Swingline hole punche3r 
huntboston pencil sharpener 
staples shredder item #635595 
canon CFX - L 4000 http://www.amatteroffax.com/itempagey_invid_140975_d_canon-cfx-l4000.html 
Imac desktophttp://www.apple.com/imac/specs.html 
mac air laptophttp://www.apple.com/macbookair/specs.html 
pc laptop 
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pc desktop (Dell?) 
macbook prohttp://store.apple.com/us/browse/home/shop_mac/family/macbook_pro 
Optiplex 780http://www.dell.com/us/business/p/optiplex-780/pd 
Holmes space heater 
http://www.holmesproducts.com/Compare.aspx?cid=227&search=YGZZ%2f6uA7951ryJnjAm0eA%3d%3d&pids=s44z27Bbw8vQK93pfUi
ymg%3d%3d 
HP Color Lazerjet CP1215 
http://h10025.www1.hp.com/ewfrf/wc/document?docname=c01539618&lc=en&dlc=en&cc=us&product=3422476 
HP Lazerjet 4100n 
http://h20000.www2.hp.com/bizsupport/TechSupport/Document.jsp?objectID=bpl10272&locale=en_US&prodSeriesId=83436&prodTy
peId=18972 
HP Lazerjet 4050n 
http://h20000.www2.hp.com/bizsupport/TechSupport/Document.jsp?objectID=bpl06721&locale=en_US&prodSeriesId=25475&prodTy
peId=18972 
HP Lazer 1200n http://reviews.cnet.com/laser-printers/hp-laserjet-1200/4507-3159_7-5196150.html 
HP Color Lazerjet CP3525dn http://h10010.www1.hp.com/wwpc/ca/en/sm/WF06b/18972-18972-3328060-236268-236268-3690646-
3690655.html?dnr=1 
HP Lazerjet P4014n http://h10010.www1.hp.com/wwpc/ca/en/sm/WF06b/18972-18972-3328059-236263-236263-3558788-
3558880.html?dnr=1 
RICOH Aficio MP 6001 http://www.gtofficesolutions.com/index.php/products/multi-functional-mono/aficio-mp6001.html 
optiplex 980 http://www.dell.com/us/business/p/optiplex-980/pd 
Optiplex 760 
http://accessories.us.dell.com/sna/productdetail.aspx?c=us&l=en&s=bsd&cs=04&sku=CY826&baynote_bnrank=0&baynote_irrank=0&~
ck=baynoteSearch 
Thinkpad 
Bunn My Café http://www.bestbuy.com/site/BUNN+-+My+Caf%E9+MCP+Brewer/3155791.p?skuId=3155791&id=1218380503132 
Microwave http://products.geappliances.com/ApplProducts/Dispatcher?REQUEST=SpecPage&Sku=PEB2060DMWW 
GE Refrige 
 bagel bestor toasty Sanyo 
Sanyo fridge http://www.sophisticatededge.com/how-much-electricity-does-a-mini-refrigerator-use.html 
acutemp plus http://bionaire.ca/bionairebfh6408.html 
holmes fan 
asterion 
 
As part of this project I also submitted an exemption application for IRB and had my questionnaire approved. If 
you would like to view the documentation, it is downloaded with this file under the MQP. Thank you. 
